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1

SYSTEM, METHOD, AND APPARATUS FOR
TESTING VOICE QUALITY IN A
COMMUNICATION NETWORK

TECHNICAL FIELD

This disclosure relates generally to communication sys-

tems, and more particularly to a system, method, and appa-
ratus for testing voice quality in a communication network.

BACKGROUND

A typical packet-based communication network can sup-
port voice communication sessions between two or more
participants. For example, the network could support a voice
telephone call or a facsimile transmission by transporting
Internet Protocol (IP) packets between a client used by a
calling party and a client used by a called party. The quality
of service or “QoS” supported in the network often deter-
mines whether an acceptable voice communication session
can occur across the network. For example, 11 the network
supports only a low quality of service, the participants 1n a
telephone call may notice a substantial amount of disruption
in the call.

SUMMARY

This disclosure describes a system, method, and apparatus
for testing voice quality in a communication network.

In one embodiment, a method 1ncludes receirving one or
more test signals at a first gateway from a second gateway.
The method also includes comparing the one or more test
signals to one or more expected signals. In addition, the
method 1ncludes generating a score representing a voice
quality supported by the first gateway on a path from the first
gateway to the second gateway. The score 1s based at least
partially on the comparison.

In a particular embodiment, the method further includes
communicating the one or more test signals from the first
gateway to the second gateway. The second gateway 1is
operable to receive the one or more test signals and to
communicate the one or more test signals back to the first
gateway. In another particular embodiment, the one or more
test signals represent one or more first test signals, and the
score represents a first score. The method further includes
receiving one or more second test signals from the second
gateway and communicating the one or more second test
signals to the second gateway. The second gateway 1s
operable to use the one or more second test signals to
generate a second score.

In another embodiment, a method includes recerving one
or more test signals at a first gateway from a second gateway.
The method also includes communicating the one or more
test signals back to the second gateway. In addition, the
method includes allowing the second gateway to generate a
score representing a voice quality supported by the second
gateway on a path from the second gateway to the first
gateway.

In a particular embodiment, the one or more test signals
represent one or more first test signals, and the score
represent a first score. The method further includes gener-
ating one or more second test signals at the first gateway,
communicating the one or more second test signals to the
second gateway, and receiving the one or more second test
signals at the first gateway from the second gateway. The
method also includes comparing the one or more second test
signals to one or more expected signals and generating a
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second score. The second score represents a voice quality
supported by the first gateway on the path from the first
gateway to the second gateway. The second score 1s based at
least partially on the comparison.

One or more technical features may be provided accord-
ing to various embodiments of this disclosure. Particular
embodiments of this disclosure may exhibit none, some, or
all of the following features depending on the implementa-
tion. For example, in one embodiment, gateways in a
communication network may communicate with and test
one another. During a test, a first gateway communicates
information to a second gateway. The second gateway
receives the information and communicates the information
back to the first gateway. The first gateway receives the
information from the second gateway and determines a score
that represents the voice quality supported by the first
gateway on a path from the first gateway to the second
gateway. The score can then be used to make adjustments to
the network. As an example, a network administrator or
other personnel can use the scores to make adjustments to
improve the quality of service supported by the network. By
allowing the gateways to monitor and test one another, this
may help to reduce the workload placed on the network
administrator, such as by reducing the need for the admin-
istrator to test each gateway individually. This may also
allow the gateways to monitor the condition of the network
as the condition changes over time.

Other features may be readily apparent to one skilled 1n
the art from the following figures, descriptions, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of this disclosure,
reference 1s now made to the following description, taken in
conjunction with the accompanying drawings, in which:

FIG. 1 illustrates an example communication system;

FIG. 2 illustrates an example gateway;

FIG. 3 illustrates an example voice quality table;

FIG. 4 illustrates example signaling messages for testing,
voice quality 1 a communication network;

FIG. 5 illustrates an example method for testing voice
quality 1n a communication network at a transmitting gate-
way; and

FIG. 6 illustrates an example method for testing voice
quality 1n a communication network at a receiving gateway

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

FIG. 1 1s a block diagram 1illustrating an example com-
munication system 100. In the illustrated embodiment, sys-
tem 100 includes one or more source clients 102, one or
more destination clients 104, and a network 106. Other
embodiments of system 100 may be used without departing
from the scope of this disclosure.

In one aspect of operation, network 106 includes one or
more gateways 108. To help network 106 maintain a suitable
quality of service for voice communications, at least some of
the gateways 108 communicate with one another and test
cach other. For example, during a test, a transmitting gate-
way 108 communicates information such as audio signals to
a receiving gateway 108. The receiving gateway 108
receives the information and communicates the information
back to the transmitting gateway 108. The transmitting
gateway 108 receives the information and determines a
score based on the received information. The score repre-
sents the voice quality supported by the transmitting gate-
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way 108 on a path from the transmitting gateway 108 to the
receiving gateway 108. The score can then be used to adjust
the operational parameters of network 106. For example, the
score can be provided to a network administrator or other
personnel who can make the adjustments to the network 106.

In the illustrated example, source client 102 1s coupled to
network 106. In this specification, the term “couple™ refers
to any direct or indirect physical, logical, virtual, or other
types ol communication between two or more components,
whether or not those components are in physical contact
with one another. Source client 102 operates to establish
communication sessions in system 100. For example, source
client 102 could allow a user to place a telephone call to a
destination client 104. Source client 102 could also establish
a session allowing the user to communicate facsimile, data,
or other traflic through system 100. Source client 102 may
include any hardware, software, firnware, or combination
thereol for providing one or more communication services
to a user. In one embodiment, source client 102 represents a
voice over packet client such as a Voice over Internet
Protocol (VoIP) client, an International Telecommunication
Union—Telecommunications (ITU-T) H.323 client, a fixed
telephone, a wireless telephone, a facsimile machine, a
computing device, or any other communication device.

Destination client 104 1s coupled to network 106. Desti-
nation client 104 represents the destination of the voice,
facsimile, data, or other tratlic communicated from source
client 102. Destination client 104 may include any hardware,
soltware, firmware, or combination thereot for receiving one
or more types of communication traflic from source client
102. Destination client 104 could, for example, represent a
VoIP client, an H.323 client, a fixed or wireless telephone, a
facsimile machine, a computing device, or any other com-
munication device.

Network 106 facilitates communication between compo-
nents coupled to network 106. For example, network 106
may communicate datagrams containing voice information
between network addresses. A datagram represents an Inter-
net Protocol (IP) packet, a frame relay frame, an Asynchro-
nous Transter Mode (ATM) cell, or any other suitable
segment of information. Although system 100 may be
described 1n various places 1n this specification as generating
and processing IP packets, other types of datagrams could be
used. Network 106 may include one or more local area
networks (LANs), metropolitan area networks (MANS),
wide area networks (WANs), all or a portion of a global
network such as the Internet, or any other communication
system or systems at one or more locations.

In the 1llustrated example, network 106 includes gateways
108 and a gatekeeper 110. Gateway 108 represents a net-
work node that facilitates the communication of datagrams
through network 106. Gateways 108 may represent routers,
edge devices, hubs, bridges, proxies, firewalls, switches,
remote access devices, or any other communication devices.
One example of a gateway 1s shown in FIG. 2, which 1s
described below. Gateway 108 may include any hardware,
soltware, firmware, or combination thereof for supporting
communication in network 106. Gateway 108 may, for
example, include one or more processors 112 and one or
more memories 114, which may store 1nstructions executed
by processor 112 and data processed by processor 112.

Gatekeeper 110 performs call routing functions 1n system
100. For example, a source client 102 served by a first
gateway 108 may attempt to communicate with a destination
client 104. The first gateway 108 checks whether it serves
the destination client 104 or can otherwise handle the call
without the use of gatekeeper 110. It so, the first gateway
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4

108 communicates with the destination client 104 to estab-
lish a communication session between the source client 102
and the destination client 104. Otherwise, the first gateway
104 communicates with gatekeeper 110, and gatekeeper 110
informs the first gateway 108 that a second gateway 108
serves the destination client 104. The first gateway 108 then
communicates with the second gateway 108 to establish a
communication session between the source client 102 and
the destination client 104. Gatekeeper 110 may include any
hardware, software, firmware, or combination thereof for
supporting call routing 1n system 100.

In one aspect of operation, each of one or more gateways
108 includes a voice quality module (VQM) 116. Voice
quality module 116 allows one gateway 108 to test the voice
quality supported along paths to other gateways 108 1n
system 100. For example, the voice quality module 116 1n a
first gateway 108 causes the first gateway 108 to commu-
nicate datagrams 118 contaimng audio information to a
second gateway 108. In one embodiment, the datagrams 118
contain one or more tones at one or more frequencies. In a
particular embodiment, tones at three diflerent frequencies
(104 Hz, 1004 Hz, and 2804 Hz) are encapsulated in fifty
datagrams 118 each, and the gateways 108 use the I'TU-T
o’/29r8 codec to encode and decode the audio information 1n
the datagrams 118. Also, in a particular embodiment, the
datagrams 118 are sent to User Datagram Protocol (UDP)
port 32760 of the receiving gateway 108 in a Realtime
Transport Protocol (RTP) stream.

The second gateway 108 receives the datagrams 118 and
communicates the datagrams 118 back to the first gateway
108. The first gateway 108 receives the datagrams 118 and
passes the datagrams 118 to the voice quality module 116 1n
the first gateway 108. The voice quality module 116 ana-
lyzes the audio mformation contained 1n the received data-
grams 118, such as by depacketizing the information 1n the
datagrams 118 to generate audio signals and by comparing
the frequency pattern of the audio signals to an expected
frequency pattern. Based on the analysis, the voice quality
module 116 generates a score representing the voice quality
supported by the first gateway 108 on a path from the first
gateway 108 to the second gateway 108. For example, the
score may indicate how well the tones in the received
datagrams 118 match the expected pattern. In a particular
embodiment, the score 1s based on the ITU-T P.861 (Per-
ceptual Speech Quality Measurement or “PSQM”) and/or
P.862 (Perceptual Evaluation of Speech Quality or “PESQ”)
standards. The process may then repeat itself with the
second gateway 108 generating and communicating data-
grams 118 to the first gateway 108 and the first gateway 108
sending the datagrams 118 back to the second gateway 108.

The first and/or second gateways 108 may store the
generated scores 1n a voice quality table 120. Table 120
could store any other suitable information, such as the
network addresses of the gateways 108 associated with the
scores. One example of a voice quality table 120 1s shown
in FI1G. 3, which 1s described below. The information 1n table
120 could be used 1n any suitable manner 1n system 100. For
example, voice quality module 116 could make the infor-
mation in table 120 available to a user, such as a system
administrator or network engineer, for use in adjusting the
operational parameters of network 106. Voice quality mod-
ule 116 could also make the information available to an
automated tool that adjusts the operational parameters of
network 106.

The voice quality module 116 1n a gateway 108 may
initiate a test at any suitable time. For example, voice quality
module 116 could 1nitiate the test during initialization of the
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gateway 108 or 1n response to a user’s command. The test
could also be mitiated after a specified amount of time has
clapsed or at specified intervals of time. The command,
specified amount of time, or specified interval can be sup-
plied to voice quality module 116 through a command line
interface (CLI), using a Simple Network Management Pro-
tocol (SNMP) command, or 1n any other suitable manner. I
SNMP 1s used, gateway 108 may include a Message Infor-
mation Base (MIB) supporting the use of SNMP.

Voice quality module 116 may include any hardware,
soltware, firmware, or combination thereof operable to test
the voice quality supported by one or more gateways 108 in
system 100. As a particular example, voice quality module
116 could represent one or more software routines executed
by processor 112 1n a gateway 108.

Although FIG. 1 illustrates one example of a system 100
for testing voice quality, various changes may be made to
system 100. For example, while FIG. 1 illustrates two clients
102, 104, system 100 could include any suitable number of
clients. Also, a client 102, 104 could act as a source client
during one communication session and as a destination
client during another communication session. Further, the
arrangement and composition of network 106 1s for 1llus-
tration only. Networks having other configurations and/or
different components could also be used. Beyond that, while
FIG. 1 illustrates gateways 108 residing 1n a single network
106, gateways 108 could reside 1n multiple networks 106. In
addition, gateways 108 have been described as performing
bi-directional tests, where two gateways 108 test each other.
Gateways 108 could also participate in a uni-directional test,
where the first gateway 108 generates datagrams 118 and
sends the datagrams 118 to the second gateway 118, and the
second gateway 108 sends the datagrams 118 back to the
first gateway 108 so the first gateway 108 can generate the
score.

FIG. 2 illustrates an example gateway 108. In the illus-
trated embodiment, gateway 108 includes ports 202, a
packet switch 204, and a controller 206. In this embodiment,
gateway 108 represents a router 1 system 100 of FIG. 1.
Other embodiments of gateway 108 may be used without
departing from the scope of this disclosure.

Each port 202 1s coupled to packet switch 204. Port 202
represents an interface allowing gateway 108 to communi-
cate with other components of system 100. For example, a
port 202 may be coupled to a source client 102, a destination
client 104, another gateway 108, or a gatekeeper 110. Port
202 may represent any suitable structure or structures facili-
tating communication with one or more components of
system 100.

Packet switch 204 is coupled to ports 202 and controller
206. Packet switch 204 facilitates communication between
different ports 202 1n gateway 108. For example, packet
switch 204 may receive a datagram through one port 202 and
forward the datagram to another port 202 for delivery to a
destination. As a particular example, to 1dentify which port
202 should receive the datagram for delivery to the desti-
nation, packet switch 204 may use a next hop table 208.
Next hop table 208 1dentifies different possible destinations
in network 106, such as diflerent clients 102, 104 1n system
100. For each possible destination, next hop table 208
identifies the port 202 to be used to forward the datagram to
the next hop 1n a path leading to the destination. The next
hop represents another component 1n network 106, such as
another gateway 108. When packet switch 204 receives a
datagram over one port 202, packet switch 204 1dentifies the
destination of that datagram. Packet switch 204 then
accesses next hop table 208, 1dentifies the port 202 associ-
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6

ated with the i1dentified destination, and routes the datagram
to the 1dentified port 202. Packet switch 204 may include
any hardware, software, firmware, or combination thereof
for facilitating the communication of datagrams between
ports 202.

Controller 206 1s coupled to packet switch 204. Controller
206 controls and manages the operation of gateway 108. For
example, controller 206 may determine that a particular
component of network 106 can no longer be used to deliver
datagrams to a particular destination. This may occur, for
example, when another gateway 108 in network 106 suflers
a power failure or 1s damaged. When this occurs, controller
206 updates next hop table 208 to show that the 1noperable
gateway 108 cannot be used to route mmformation to a
particular destination. Controller 206 could then 1dentify a
different gateway 108 to use for routing information to that
particular destination. Controller 206 may include any hard-
ware, software, firmware, or combination thereot for man-
aging gateway 108. Controller 206 may, for example,
include one or more digital signal processors (DSPs).

In one aspect of operation, controller 206 may include
voice quality module 116. Voice quality module 116 may, for
example, represent one or more software routines executed
by controller 206. In this embodiment, voice quality module
116 may allow gateway 108 to test the voice quality sup-
ported along paths to other gateways 108 1n system 100. For
example, voice quality module 116 may generate one or
more tones at one or more frequencies. Voice quality module
116 also generates one or more datagrams containing a
digitized version of the tones. As a particular example, voice
quality module 116 may use the ITU-T g729r8 codec to
digitize the tones. Controller 206 communicates the gener-
ated datagrams to packet switch 204, which forwards the
datagrams to a port 202 for communication to a receiving
gateway 108. The receiving gateway 108 receives the gen-
crated datagrams and sends the datagrams back to the
transmitting gateway 108. The voice quality module 116 in
the transmitting gateway 108 receives the datagrams through
a port 202 and switch 204 and generates a score representing
the voice quality supported by the transmitting gateway 108
on a path from the transmitting gateway 108 to the receiving
gateway 108. The transmitting gateway 108 may then update
a voice quality table 120 and communicate the score to the
receiving gateway 108. A voice quality module 116 in the
receiving gateway 108 may receive and store the score in
another voice quality table 120. This process can then be
repeated, where the receiving gateway 108 from the first test
becomes the transmitting gateway 108 1n the second test.

Voice quality module 116 has been described as generat-
ing, packetizing, and communicating audio signals to per-
form a voice quality test. Voice quality module 116 could use
any other suitable technique to generate and/or communicate
test signals to another gateway 108. In this specification, the
phrase “test signal™ refers to any audio or other signal having
a Irequency pattern that can be compared to an expected
pattern to test the voice quality supported by one or more
gateways 108. For example, voice quality module 116 could
pre-generate and store datagrams containing audio signals in
a memory 210. When a voice quality test 1s mitiated, voice
quality module 116 could retrieve the datagrams from
memory 210 and use the datagrams during the test.

Although FIG. 2 illustrates one example of a gateway
108, various changes may be made to FIG. 2. For example,
while FIG. 2 illustrates gateway 108 as a router, gateway 108
could represent any other suitable communication device 1n
network 106. Also, the gateway 108 illustrated in FIG. 2 has
been simplified for ease of illustration and explanation.
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Components can be combined or omitted and additional
components can be added to gateway 108 according to
particular needs. Further, any other suitable type of router
could be used as a gateway 108 1n system 100. In addition,
voice quality module 116 could represent a separate com-
ponent 1n gateway 108 and need not form part of controller
206.

FIG. 3 illustrates an example voice quality table 120. In
the 1llustrated embodiment, table 120 includes one or more
entries 302, each entry 302 containing information about a
voice quality test 1n system 100 of FIG. 1. The table 120
shown 1n FIG. 3 1s for illustration only. Other embodiments
of table 120 could be used without departing from the scope
of this disclosure.

In the illustrated example, each entry 302 1dentifies the
type of call 304 associated with a voice quality test 1n system
100. In one embodiment, gateway 108 uses different types of
communication sessions to transport the datagrams to
another gateway 108. As a particular example, gateway 108
may or may not need to consult with gatekeeper 110 to
establish the communication session. If gateway 108 does
not need to consult gatekeeper 110 to establish the commu-
nication session, the communication session may be iden-
tified as a “VolIP” type of call 304. If gateway 108 consults
with gatekeeper 110 to establish the communication session,
the communication session may be i1dentified as a “RAS”
(Registration, Admission, and Status) type of call 304. Other
or additional types of calls 304 could also be supported 1n
system 100.

Dial string 306 1dentifies a dialing plan used by one or
more gateways 108 1 system 100. For example, a dialing
plan may represent the telephone numbers assigned to
clients 102, 104 of a gateway 108, where the telephone
numbers include a common prefix number or numbers. As
shown 1n FIG. 3, system 100 could include a 1xxxx dialing
plan and a 2xxxx dialing plan. The 2xxxx dialing plan can
be reached by a gateway 108 associated with table 120
without using gatekeeper 110, while the 1xxxx dialing plan
1s reached using gatekeeper 110. System 100 could include
one or multiple dialing plans to represent the telephone
numbers or other identifiers assigned to clients 102, 104.

IP version 308 identifies the version of the Internet
Protocol used to communicate with a particular gateway 108
in system 100. Next hop 310 1dentifies the network address
to be used when communicating datagrams destined for a
gateway 108. For example, next hop 310 may represent the
network address of the gateway 108 or of a component in the
path toward the gateway 108. When a transmitting gateway
108 initiates a test of a receiving gateway 108, the trans-
mitting gateway 108 may use the network address 1dentified
by the next hop 310 1n an entry 302 to communicate with the
receiving gateway 108.

Scores 312 represent the voice quality supported along
paths to other gateways 108 in system 100. Scores 312
could, for example, represent ITU-T PSQM/PESQ scores
generated by voice quality module 116 1in one or more
gateways 108. Gateways 108 may generate scores 312 at any
suitable time, such as 1n response to a triggering event. The
triggering event could represent a command from a user, a
defined amount of time elapsing, or any other suitable
triggering event. Gateways 108 could also recompute scores
312 at given intervals of time, which allows voice quality
modules 116 to more dynamically measure the voice quality
supported 1n system 100. As a result, even as conditions 1n
network 106 change, voice quality modules 116 could allow
a network administrator or other personnel to 1dentily the
condition of the network 106.
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Tags 314 umiquely 1dentify each entry 302 in table 120.
Tags 314 may be useful, for example, 1n exchanging infor-
mation about table 120 between gateways 108. For example,
gateways 108 could communicate with one another and
exchange summaries of table 120 at specified intervals of
time. Each summary could include the tags 314 and scores
312 from entries 302. This allows the gateways 108 to
communicate with each other and update the scores 312 1n
tables 120, without requiring an enftire table 120 to be
exchanged. In other embodiments, the entire table 120 could
be exchanged between gateways 108. Also, tags 314 could
unmiquely 1dentity each entry 302 in table 120, which may
allow tags 314 to be used to access and modily the table 120.

Although FIG. 3 illustrates one example of a voice quality
table 120, various changes may be made to FIG. 3. For
example, table 120 could include any other or additional
information. Also, while FIG. 3 1llustrates a table storing the
information associated with the voice quality tests, any other
suitable data structure or structures can be used to store the
information.

FIG. 4 illustrates example signaling messages 400 for
testing voice quality mn a commumnication network. While
signaling messages 400 may be described with respect to
gateways 108 in system 100 of FIG. 1, signaling messages
400 could be used by any suitable network component in any
suitable system.

To mitiate a test of the voice quality supported by gate-
ways 108 1 system 100, two gateways 108 may commu-
nicate and exchange 1nitialization (INIT) messages 402. An
initialization message 402 includes a network address 412
and one or more timeouts 414. Network address 412 1den-
tifies the network address of the gateway 108 sending the
initialization message 402. A timeout 414 represents a
quantity of time that a gateway 108 receiving the 1nitializa-
tion message 402 may wait to receive a message from the
gateway 108 transmitting the initialization message 402. If
a message 1s not received within the time period defined by
a timeout 414, the gateway 108 receiving the mnitialization
message 402 may generate an error and terminate a voice
quality test. In a particular embodiment, one timeout 414
defines the quantity of time that the gateway 108 receiving
the mitialization message 402 should wait to receive a
HELLO message 404, and another timeout 414 defines the
maximum amount of time that one gateway 108 should wait
to receive any message from the other gateway 108.

In response to the mitialization messages 402, each gate-
way 108 communicates a HELLO message 404 to the other
gateway 108. The HELLO message 404 includes a table
summary 416, one or more intervals 418, and a sequence
number 420. Table summary 416 contains a summary of a
voice quality table 120 in the gateway 108 transmitting the
HELLO message 404, such as the scores 312 and tags 314
from table 120 and a flag for each score 312. The ﬂag
identifies whether an associated score 312 has changed since
the last HELLO messages 404 were exchanged between
gateways 108. Intervals 418 define the intervals at which
gateways 108 should communicate particular types of mes-
sages to one another. For example, one interval 418 may
define the interval at which gateways 108 exchange HELLO
messages 404, such as every 180 seconds. Sequence number
420 provides a unique 1dentifier for identifying a particular
voice quality test. In one embodiment, a gateway 108 could
be involved 1n multiple voice quality tests with other gate-
ways 108, and sequence number 420 provides a mechanism
for associating incoming and outgoing messages with a
particular voice quality test.
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After exchanging HELLO messages 404, a first of the
gateways 108 communicates a SEND message 406a to a
second of the gateways 108. The SEND message 406a
includes the sequence number 420 associated with the voice
quality test and one or more test packets 422a. Test packets
422a contain one or more tones generated by the {first
gateway 108. The second gateway 108 receives the test
packets 422a and communicates the test packets 422a back
to the first gateway 108 1n a send acknowledgement (SEN-
D_ACK) message 408a. The first gateway 108 may then
receive and use the test packets 422a to generate a score
representing the voice quality supported by the first gateway
108 along a path between the first gateway 108 and the
second gateway 108. The second gateway can then transmit
another SEND message 4065 to the first gateway 108, and
the voice quality test i1s repeated.

Each gateway 108 could further communicate an
UPDATE message 410 to the other gateway 108. An
UPDATE message 410 contains a table update 424, which
represents a change to the voice quality table 120 maintained
at a gateway 108. In one embodiment, the use of UPDAT.
messages 410 1s optional. In this embodiment, an UPDAT
message 410 need not be communicated from one gateway
108 to another gateway 108 unless the voice quality score
generated during a current test changes from a voice quality
score generated during a previous test. In this way, if the
voice quality score does not change, an UPDATE message
410 may not be needed 1n system 100.

Although FIG. 4 1llustrates one example of the signaling
messages 400 used by gateways 108 during a voice quality
test, various changes may be made to FIG. 4. For example,
gateways 108 may communicate HELLO messages 404 at a
specified interval. If the interval 1s reached during a test,
gateways 108 may exchange additional HELLO messages
404 during the test. Also, any other suitable signaling
messages can be used to facilitate voice quality testing of
gateways 108. Further, while FIG. 4 shows bi-directional
voice quality tests, a uni-directional test could occur where
only one gateway 108 generates a SEND message 406. In
addition, the use of HELLO messages 404 and/or UPDATE
messages 410 may be optional 1n system 100.

FIG. 5 illustrates an example method 500 for testing voice
quality 1n a communication network at a transmitting gate-
way 108. While method 500 may be described with respect
to system 100 of FIG. 1, method 500 could also be used by
any other suitable system.

A first gateway 108 initiates a voice quality test at step
502. This may include, for example, a voice quality module
116 in the first gateway 108 detecting a triggering event,
such as a command from a user or a time 1nterval elapsing.
The first gateway 108 generates one or more test signals at
step 504. This may include, for example, a voice quality
module 116 1n the first gateway 108 generating tones at one
or more frequencies. In a particular embodiment, this may
include voice quality module 116 generating signals at 104
Hz, 1004 Hz and 2804 Hz.

The first gateway 108 packetizes the test signals at step
506. This may include, for example, voice quality module
116 digitizing the signals generated at step 504. In a par-
ticular embodiment, this may include voice quality module
116 digitizing the signals using the ITU-T g729r8 codec,
which generates 50 datagrams 118 every second per tone.
The first gateway 108 communicates the generated packets
to a second gateway 108 at step 508. This may include, for
example, the first gateway 108 communicating the generated
datagrams 118 to UDP port 32760 of the second gateway
108. The first gateway 108 receives the packets from the
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second gateway 108 at step 510. This may include, for
example, the first gateway 108 receiving the datagrams 118
from the second gateway 108 at UDP port 32760. This may
also include the first gateway 108 providing the datagrams
118 to the voice quality module 116 1n the first gateway 108.

The first gateway 108 generates a score at step 512. This
may 1nclude, for example, the voice quality module 116 in
the first gateway 108 depacketizing and decoding the signals
contained 1n the datagrams 118. This may also include the
voice quality module 116 1n the first gateway 108 comparing
the signals contained 1n the datagrams 118 to expected test
signals, such as by comparing the wave forms of the
received signals to expected wave forms. This may further
include voice quality module 116 in the first gateway 108
generating a PSQM/PESQ score based on the comparison.

The first gateway 108 determines whether the generated
score has changed at step 514. This may include, for
example, the voice quality module 116 1n the first gateway
108 accessing table 120 and determiming whether another
voice quality test involving the second gateway 108 was
performed earlier. If a previous test was performed, voice
quality module 116 identifies the previously generated score
and compares that score to the newly generated score. Voice
quality module 116 may then determine whether the newly
generated score 1s different from the previous score. Also, 1f
no previous test involving the second gateway 108 was
performed, voice quality module 116 may treat the score as
having changed from a previous state.

If the score has changed, the first gateway 108 updates the
voice quality table 120 1n the first gateway 108 at step 516.
This may include, for example, voice quality module 116 1n
the first gateway 108 1nserting the newly received score in
an entry 302 of voice quality table 120. The first gateway
108 also communicates an UPDATE message 410 to the
second gateway 108 at step 518. This allows the second
gateway 108 to update 1ts voice quality table 120.

The first gateway 108 makes the voice quality table 120
available for use at step 520. This may include, for example,
voice quality module 116 1n the first gateway 108 commu-
nicating the contents of the voice quality table 120 to a user
upon request. This may also include voice quality module
116 1n the first gateway 108 communicating the contents of
the voice quality table 120 to an automated tool that adjusts
the operational parameters of network 106. The first gateway
108 communicates a summary of the voice quality table 120
to the second gateway 108 at step 522. Although FIG. 5
illustrates this step occurring after step 520, the first gateway
108 could communicate a summary of the table 120 to the
second gateway 108 at any suitable time. Also, the first
gateway 108 could communicate multiple summaries to the
second gateway 108, such as by communicating a summary
at specified intervals of time.

Although FIG. 5 illustrates one example of a method 500
for testing voice quality in a communication network at a
transmitting gateway 108, various changes may be made to
method 500. For example, while the first gateway 108 1s
illustrated as generating packets containing the generated
tones, the first gateway 108 could generate any other suitable
datagrams. Also, the first gateway 108 need not update the
second gateway 108 at step 3518 and/or communicate a
summary to the second gateway 108 at step 522.

FIG. 6 illustrates an example method 600 for testing voice
quality 1n a communication network at a receiving gateway
108. While method 600 may be described with respect to
system 100 of FIG. 1, method 600 could also be used 1n any
other suitable system.
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A second gateway 108 recerves incoming packets on a test
port from a first gateway 108 at step 602. This may include,
for example, a voice quality module 116 in the second
gateway 108 receiving datagrams 118 as part of a SEND
message 406. This may also include the receiving gateway 53
108 recerving the datagrams 118 on UDP port 32760 1n an
RTP stream. The second gateway communicates the packets
back to the first gateway 108 at step 604. This may include,
for example, the second gateway 108 communicating the
received datagrams 118 to UDP port 32760 of the first 10
gateway 108 1n an RTP stream.

The second gateway 108 allows the first gateway 108 to
generate a voice quality score at step 606. This may or may
not involve the first gateway 108 communicating an
UPDATE message to the second gateway 108. If an 15
UPDATE message 1s received at step 608, the second
gateway 108 updates 1ts voice quality table 120 at step 610.

The second gateway 108 makes 1ts voice quality table 120
available for use at step 612. This may include, for example,
voice quality module 116 1n the second gateway 108 com- 20
municating the contents of voice quality table 120 to a user
upon request, communicating the contents to an automated
tool 1 system 100, or using the contents in any other suitable
manner. The second gateway 108 communicates a summary
of the voice quality table 120 to the first gateway 108 at step 25
614. Although FIG. 6 illustrates this step occurring aiter step
612, the second gateway 108 could communicate a summary
of the table 120 to the first gateway 108 at any suitable time.
Also, the second gateway 108 could communicate multiple
summaries to the first gateway 108, such as by communi- 30
cating a summary at specified intervals of time.

Although FIG. 6 1llustrates one example of a method 600
for testing voice quality in a communication network at a
receiving gateway 108, various changes may be made to
method 600. For example, while the second gateway 108 1s 35
illustrated as processing packets containing test signals, the
second gateway 108 could process any other suitable data-
grams. Also, the second gateway 108 may not receive an
update message at step 608 and/or communicate a summary
to the first gateway 108 at step 614. 40

While this disclosure has been described in terms of
certain embodiments and generally associated methods,
alterations and permutations of the embodiments and meth-
ods will be apparent to those skilled 1n the art. Accordingly,
the above description of example embodiments does not 45
define or constrain this disclosure. Other changes, substitu-
tions, and alterations are also possible without departing
from the spirit and scope of this disclosure, as defined by the
tollowing claims.

What 1s claimed 1s: 50

1. A method, comprising:

receiving one or more test signals at a first gateway from

a second gateway;
comparing the one or more test signals to one or more
expected signals; and 55
generating a score representing a voice quality supported
by the first gateway on a path from the first gateway to
the second gateway, the score based at least partially on
the comparison.

2. The method of claim 1, further comprising communi- 60
cating the one or more test 31gnals from the first gateway 1o
the second gateway, the second gateway operable to receive
the one or more test signals and to communicate the one or
more test signals back to the first gateway.

3. The method of claim 2, wherein the one or more test 65
signals comprise one or more {irst test signals and the score
comprises a first score; and

12

turther comprising:
receiving one or more second test signals from the
second gateway; and
communicating the one or more second test signals to
the second gateway, the second gateway operable to
use the one or more second test signals to generate a
second score.

4. The method of claim 1, wherein the one or more test
signals comprise one or more tones generated and digitized

at the first gateway.

5. The method of claim 4, wherein the one or more tones
comprise three tones at frequencies of 104 Hertz, 1004
Hertz, and 2804 Hertz.

6. The method of claim 1, wherein the score comprises at
least one of an International Telecommunication Union—
Telecommunications (I'TU-T) Perceptual Speech Quality
Measurement (PSQM) score and an ITU-T Perceptual
Evaluation of Speech Quality (PESQ) score.

7. The method of claim 1, further comprising storing the
score 1n a table.

8. The method of claim 7, wherein the table comprises a
first table; and further comprising communicating the score
to the second gateway, the second gateway operable to
update a second table with the score.

9. The method of claim 8, wherein:

the second gateway comprises one of a plurality of second

gateways;

the table comprises a plurality of scores and a plurality of

tags, each tag associated with one of the scores 1n the
table; and

turther comprising communicating a summary of the table

to at least one of the second gateways, the summary
comprising the tags from the table, the scores from the
table, and a plurality of flags, each flag identifying
whether an associated score has changed since a pre-
vious summary of the table was communicated to the at
least one second gateway.

10. The method of claim 1, wherein receiving one or more
test signals and comparing the one or more test signals to
one or more expected signals comprises:

recerving a plurality of datagrams at the first gateway, the

datagrams comprising one or more digitized signals;
depacketizing the datagrams; and

decoding the one or more digitized signals to generate the

one or more test signals.

11. The method of claim 1, wherein the gateways com-
prise routers 1 a packet network.

12. Logic embodied on at least one computer readable
medium and operable when executed to:

recerve one or more test signals at a first gateway from a

second gateway;

compare the one or more test signals to one or more

expected signals; and

generate a score representing a voice quality supported by

the first gateway on a path from the first gateway to the
second gateway, the score based at least partially on the
comparison.

13. The logic of claim 12, wherein the logic 1s further
operable to communicate the one or more test signals from
the first gateway to the second gateway, the second gateway
operable to receive the one or more test signals and to
communicate the one or more test signals back to the first
gateway.

14. The logic of claim 13, wherein:

the one or more test signals comprise one or more first test
signals and the score comprises a first score; and
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the logic 1s further operable to:
receive one or more second test signals from the second
gateway; and
communicate the one or more second test signals to the
second gateway, the second gateway operable to use
the one or more second test signals to generate a
second score.

15. The logic of claim 12, wherein the one or more test
signals comprise one or more tones generated and digitized
at the second gateway.

16. The logic of claim 15, wherein the one or more tones

comprise three tones at frequencies ol 104 Hertz, 1004
Hertz, and 2804 Hertz.

17. The logic of claim 12, wherein the score comprises at
least one of an International Telecommunication Union—
Telecommunications (I'TU-T) Perceptual Speech Quality
Measurement (PSQM) score and an ITU-T Perceptual
Evaluation of Speech Quality (PESQ) score.

18. The logic of claim 12, wherein the logic 1s further
operable to:

store the score 1n a first table; and

communicate the score to the second gateway, the second
gateway operable to update a second table with the
score.

19. The logic of claim 18, wherein:

the second gateway comprises one of a plurality of second
gateways;

the first table comprises a plurality of scores and a
plurality of tags, each tag associated with one of the
scores 1n the table; and

the logic 1s further operable to communicate a summary
of the first table to at least one of the second gateways,
the summary comprising the tags from the first table,
the scores from the first table, and a plurality of flags,
cach flag identifying whether an associated score has
changed since a previous summary of the first table was
communicated to the at least one second gateway.

20. An apparatus, comprising:

one or more processors collectively operable to:

receive one or more test signals at a first gateway from
a second gateway;

compare the one or more test signals to one or more
expected signals; and

generate a score representing a voice quality supported
by the first gateway on a path from the first gateway
to the second gateway, the score based at least
partially on the comparison; and

a memory operable to store the score.

21. The apparatus of claim 20, wherein the one or more
processors are further collectively operable to communicate
the one or more test signals from the first gateway to the
second gateway, the second gateway operable to receive the
one or more test signals and to communicate the one or more
test signals back to the first gateway.

22. The apparatus of claim 21, wherein:
the one or more test signals comprise one or more first test
signals and the score comprises a first score; and
the one or more processors are further collectively oper-
able to:
receive one or more second test signals from the second
gateway; and
communicate the one or more second test signals to the
second gateway, the second gateway operable to use

the one or more second test signals to generate a
second score.
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23. The apparatus of claam 20, wherein the one or more
test signals comprise one or more tones generated and
digitized at the second gateway.

24. The apparatus of claim 23, wherein the one or more
tones comprise three tones at frequencies of 104 Hertz, 1004

Hertz, and 2804 Hertz.

25. The apparatus of claim 20, wherein the score com-
prises at least one of an International Telecommunication
Union—Telecommunications (ITU-T) Perceptual Speech
Quality Measurement (PSQM) score and an ITU-T Percep-
tual Evaluation of Speech Quality (PESQ) score.

26. The apparatus of claim 20, wherein the one or more
processors are further collectively operable to:

store the score 1n a first table 1n the memory; and

communicate the score to the second gateway, the second
gateway operable to update a second table with the
score.

277. The apparatus of claim 20, wherein:

the second gateway comprises one of a plurality of second
gateways;

the first table comprises a plurality of scores and a
plurality of tags, each tag associated with one of the
scores 1n the table; and

the one or more processors are further collectively oper-
able to communicate a summary of the first table to at
least one of the second gateways, the summary com-
prising the tags from the first table, the scores from the
first table, and a plurality of flags, each flag identifying
whether an associated score has changed since a pre-
vious summary of the first table was communicated to
the at least one second gateway.

28. A method, comprising:

receiving one or more test signals at a first gateway from
a second gateway;

communicating the one or more test signals back to the
second gateway; and

allowing the second gateway to generate a score repre-
senting a voice quality supported by the second gate-
way on a path from the second gateway to the first
gateway.

29. The method of claim 28, wherein the one or more test
signals comprise one or more {irst test signals and the score

comprises a first score; and
turther comprising:
generating one or more second test signals at the first
gateway;
communicating the one or more second test signals to
the second gateway;

receiving the one or more second test signals at the first
gateway from the second gateway;

comparing the one or more second test signals to one or
more expected signals; and

generating a second score representing a voice quality
supported by the first gateway on the path from the
first gateway to the second gateway, the score based
at least partially on the comparison.

30. The method of claim 28, wherein the one or more test
signals comprise three tones at frequencies of 104 Hertz,

1004 Hertz, and 2804 Hertz.

31. The method of claim 28, wherein the score comprises
at least one of an International Telecommunication Union—
Telecommunications (I'TU-T) Perceptual Speech Quality
Measurement (PSQM) score and an ITU-T Perceptual
Evaluation of Speech Quality (PESQ) score.
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32. The method of claim 28, wherein the second gateway
1s operable to store the score 1n a first table; and
further comprising receiving the score from the second

gateway and updating a second table with the score.
33. The method of claim 28, wherein:

the first gateway comprises one of a plurality of first
gateways and the score comprises a plurality of scores;

the second gateway stores the scores 1n a first table, the
first table also comprising a plurality of tags, each tag
associated with one of the scores in the table; and
further comprising:
receiving a summary of the first table at one or more of
the first gateways from the second gateway, the
summary comprising the tags from the first table, the
scores irom the first table, and a plurality of flags,
cach flag identifying whether an associated score has
changed since a previous summary of the first table
was communicated to the one or more of the first
gateways; and
updating a second table at the one or more {irst gate-
ways with any score having an associated tlag show-
ing that the score has changed since the previous
summary of the first table was communicated to the
one or more first gateways.
34. Logic embodied on at least one computer readable
medium and operable when executed to:
receive one or more test signals at a first gateway from a
second gateway;
communicate the one or more test signals back to the
second gateway; and
allow the second gateway to generate a score representing,
a voice quality supported by the second gateway on a
path from the second gateway to the first gateway.
35. The logic of claim 34, wherein the one or more test
signals comprise one or more {irst test signals and the score
comprises a first score; and
the logic 1s further operable to:
generate one or more second test signals at the first
gateway;
communicate the one or more second test signals to the
second gateway;
receive the one or more second test signals at the first
gateway Irom the second gateway;
compare the one or more second test signals to one or
more expected signals; and
generate a second score representing a voice quality
supported by the first gateway on the path from the
first gateway to the second gateway, the score based
at least partially on the comparison.
36. The logic of claim 34, wherein the one or more test
signals comprise three tones at frequencies of 104 Hertz,
1004 Hertz, and 2804 Hertz.

37. The logic of claim 34, wherein the score comprises at
least one of an International Telecommunication Union—

Telecommunications (I'TU-T) Perceptual Speech Quality
Measurement (PSQM) score and an ITU-T Perceptual
Evaluation of Speech Quality (PESQ) score.
38. The logic of claim 34, wherein:
the second gateway 1s operable to store the score 1n a first
table; and
the logic 1s further operable to receive the score from the
second gateway and update a second table with the
score.
39. The logic of claim 34, wherein:
the first gateway comprises one of a plurality of first
gateways and the score comprises a plurality of scores;
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the second gateway stores the scores 1n a first table, the
first table also comprising a plurality of tags, each tag
assoclated with one of the scores 1n the table; and
the logic 1s further operable to:
receive a summary of the first table at one or more of
the first gateways from the second gateway, the
summary comprising the tags from the first table, the
scores irom the first table, and a plurality of flags,
cach flag identifying whether an associated score has
changed since a previous summary of the first table
was communicated to the one or more of the first
gateways; and
update a second table at the one or more first gateways
with any score having an associated tlag showing
that the score has changed since the previous sum-
mary of the first table was communicated to the one
or more first gateways.
40. A system, comprising:
one or more processors collectively operable to:
receive one or more test signals at a first gateway from
a second gateway;
communicate the one or more test signals back to the
second gateway; and
allow the second gateway to generate a score repre-
senting a voice quality supported by the second
gateway on a path from the second gateway to the
first gateway; and

a memory operable to store the score.

41. The system of claim 40, wherein the one or more test
signals comprise one or more {irst test signals and the score
comprises a first score; and

the one or more processors are further collectively oper-
able to:

generate one or more second test signals at the first
gateway;

communicate the one or more second test signals to the
second gateway;

receive the one or more second test signals at the first
gateway from the second gateway;

compare the one or more second test signals to one or
more expected signals; and

generate a second score representing a voice quality
supported by the first gateway on the path from the
first gateway to the second gateway, the score based
at least partially on the comparison.

42. The system of claim 40, wheremn the test signals
comprise three tones at frequencies of 104 Hertz, 1004

Hertz, and 2804 Hertz.

43. The system of claim 40, wherein the score comprises
at least one of an International Telecommunication Union—
Telecommunications (ITU-T) Perceptual Speech Quality
Measurement (PSQM) score and an ITU-T Perceptual
Evaluation of Speech Quality (PESQ) score.

44. The system of claim 40, wherein:

the second gateway 1s operable to store the score 1n a first
table; and

the one or more processors are further collectively oper-
able to receive the score from the second gateway and
update a second table with the score.

45. The system of claim 40, wherein:

the first gateway comprises one ol a plurality of first
gateways and the score comprises a plurality of scores;

the second gateway stores the scores in a first table, the
first table also comprising a plurality of tags, each tag
associated with one of the scores in the table; and
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the one or more processors are further collectively oper-
able to:
receive a summary of the first table at one or more of
the first gateways from the second gateway, the
summary comprising the tags from the first table, the
scores Irom the first table, and a plurality of flags,
cach flag identifying whether an associated score has
changed since a previous summary of the first table
was communicated to the one or more of the first
gateways; and

update a second table at the one or more first gateways
with any score having an associated flag showing
that the score has changed since the previous sum-
mary of the first table was communicated to the one
or more first gateways.

46. A system, comprising:

a 1irst gateway operable to generate one or more first test
signals;

a second gateway operable to receive the one or more first
test signals from the first gateway and to communicate
the one or more first test signals to the first gateway;

the first gateway also operable to receive the one or more
first test signals from the second gateway, compare the
one or more first test signals to one or more first
expected signals, and generate a first score representing
a voice quality supported by the first gateway on a path
from the first gateway to the second gateway;

the second gateway also operable to generate one or more
second test signals;
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the first gateway 1s further operable to receive the one or
more second test signals from the second gateway and
to communicate the one or more second test signals to
the second gateways;

the second gateway further operable to receive the one or
more second test signals, compare the one or more
second test signals to one or more second expected
signals, and generate a second score representing a
voice quality supported by the second gateway on the
path from the second gateway to the first gateway; and

the first and second gateways further operable to com-
municate and exchange the first and second scores.

47. A system, comprising:

means for generating one or more test signals at a first
gateway.

means for communicating the one or more test signals to
a second gateway;

means for receiving the one or more test signals from the
second gateway;

means for comparing the one or more test signals to one
or more expected signals; and

means for generating a score representing a voice quality
supported by the first gateway on a path from the first
gateway to the second gateway.
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